Background Systemic lupus erythematosus (SLE) is a chronic, multiorgan, autoimmune disease that affects people of all ages and ethnicities.
INTRODUCTION
Systemic lupus erythematosus (SLE) is a chronic, persistent, autoimmune disease with diverse manifestations. It is most common in women of reproductive age, but occurs in people of all ages. Typically, there is a 9:1 female to male sex bias in SLE, and it is still unclear why this phenomenon occurs. Evidence suggests that a dose effect of the X-chromosome may have a role in this female preponderance as can be seen by the increased prevalence of SLE in male subjects with Klinefelter's disease (47, XXY). 1 There is also strong evidence that genetics have a critical role in the pathogenesis of SLE, as can be seen in the strong familial aggregation of this disease. 2 -4 SLE disease severity varies profoundly by race. 5 6 Disease onset occurs in adolescence in approximately 15-20% of patients, and is known to be more aggressive than adult-onset SLE. 7 8 It is understood that SLE disease manifestations accumulate with increasing disease duration. 9 Herein, we explore the independent association of the age at SLE onset with the many clinical and serological manifestations of the disease in a large patient cohort. We further examine the relationship between genetic risk for SLE and patient's age at disease onset. Our data indicate that early disease onset is associated with a more severe phenotype in patients with SLE. We also show that childhood-onset disease is predicted by the presence of more genetic susceptibility loci for SLE compared with adult-onset disease in patients of African descent.
PATIENTS AND METHODS Patients and clinical data
Our study population included 1317 patients with SLE enrolled in the Lupus Family Registry and Repository (LFRR) at the Oklahoma Medical Research Foundation. Patient enrolment in the LFRR has previously been described. 4 All patients met at least four of the 11 American College of Rheumatology criteria for classifi cation of SLE. 10 11 Patients completed a questionnaire that described their disease history. Medical records were also obtained, and relevant information was extracted and reviewed by a nurse, doctor's assistant, or a doctor. Age of disease onset was determined as the age at which the fourth American College of Rheumatology SLE criterion had been met ( table 1 ) . Race was self-reported. Our study population included 43% European-American, 27% African-American, 12% Hispanics, 10% Gullah, 5% Native-American and 2% Asian lupus patients. Principal component analysis (PCA) was used to determine population substructure as described ▶ Additional data (supplementary tables) are published online only. To view these fi les please visit the journal online at (http://www. ard.bmj.com).
previously confi rmed in lupus patients was selected for genotyping, except for the human leucocyte antigen region and interferon regulatory factor 5 as they are known to harbour multiple independent genetic effects. For the HLA region, the two SNPs that were recently shown to have independent genetic effects using logistic regression analysis of a large number of lupus-associated SNPs in the HLA region 13 were genotyped in our study. In the interferon regulatory factor 5 locus, three independent genetic effects have been previously identifi ed, 14 and three tag SNPs representing these independent effects were genotyped in our study.
Genotyping was performed using the Illumina iScan System and Illumina Infi nium II genotyping assays following the manufacturer's recommendations. Genotyping success rate ranged between 97.6% and 100% for the 19 SNPs genotyped. The total number of SLE-risk alleles within all 19 loci genotyped was determined in each female patient with SLE using an additive model. Patients with any undetermined genotype were excluded from the analysis.
Statistical analyses
Univariable analyses were performed on the age of disease onset and the various clinical and serological disease manifestations. Fisher's exact tests were performed on manifestations with a 2 × 2 table cell value with an expected value <5. These manifestations were excluded from any further analysis owing to sample-size constraints. SLE disease manifestations with p values <0.20 were further characterised.
We fi tted two logistic regression models for each SLE disease manifestation: one for childhood-onset (<18 years at onset) versus adult-onset disease (≥18 years at onset), and one for early adult-onset (18-49 years at onset) versus late adult-onset disease (≥50 at onset). Each logistic regression model included the disease manifestation as the dependent variable, and age of onset as the independent variable of interest, while controlling for gender, race and disease duration. We also tested for interaction between age of onset and gender, and fi t separate models for male subjects and female subjects as needed. Patients of native Hawaiian, historic Asian, or Pacifi c Islander descent were not included in the regression analyses because of sample size constraints.
We compared gender distributions between patients with childhood-onset SLE and patients with early adult-onset disease using the χ 2 test. We similarly compared the distribution of gender for patients with late adult-onset SLE versus patients with early adult-onset disease.
Logistic regression was also used to compare the number of SLE risk alleles between childhood-onset and adult-onset disease in female patients with SLE. To account for confounding population substructure or admixture in the studied population we employed PCA using genotyping data from 107 ancestry informative markers. We identifi ed one outlier individual who was excluded from the analysis, and a second individual who was self-reported as American Indian or Alaskan Native but clustered as Hispanic, and thus was analysed as Hispanic in assessing gene risk for SLE.
Linear regression assessed the association between the number of SLE risk alleles and the age of disease onset. The number of risk alleles was the dependent variable and the age at onset was the independent variable. Each race was modelled independently as there was evidence of interaction between races. All linear modelling assumptions were assessed and met.
Statistical analysis was performed using SAS v9.1.3.
below, and outliers were identifi ed before genetic data analysis. Our studies were approved by the institution review boards of our institutes and each patient signed a written informed consent before participation in this study.
Serology
Serum was obtained from all patients upon LFRR enrolment. All serological testing was performed at the Oklahoma Medical Research Foundation clinical immunology laboratory. Oüchterlony immunodiffusion assays were performed to assess the presence of extractable nuclear antigens (anti-Sm, nRNP, Ro, La, ribosomal P). 12 Anti-dsDNA antibodies were assayed using indirect immunofl uorescence by Crithidia luciliae (Inova Diagnostics, San Diego, California, USA). The presence of IgG and IgM anticardiolipin antibodies (anti-aCL) was determined by ELISA.
Genetic susceptibility quantifi cation
Female patients with SLE were genotyped for 19 common single nucleotide polymorphisms (SNPs) that represent confi rmed SLE susceptibility loci ( table 2 ) . These represent common genetic susceptibility loci that have been confi rmed in at least two independent cohorts of lupus patients and controls. Rare variants such as susceptibility loci in TNFAIP3 and TREX1 were not examined. For each genetic susceptibility locus examined, a representative associated SNP that has been Table 2 Single nucleotide polymorphisms (SNPs) representing 19 previously established and confi rmed independent susceptibility loci for systemic lupus erythematosus that were genotyped in our study population
HLA, human leucocyte antigen; IRF5, interferon regulatory factor 5. It should be noted that the serological data we used in this study are based on a single serum sample obtained at the time of patient enrolment in LFRR. Given possible fl uctuation in autoantibody levels in lupus patients, data for autoantibody associations should be replicated to be considered confi rmed.
Gender proportions are not equal across our population of patients with SLE ( table 1 ) . Specifi cally, the proportion of male subjects is 10.0% higher in the group of patients with age of onset <18 years than in the 18-49-year-old age group (χ 2 =12.34, p=0.0004). The proportion of male subjects is 5.7% higher in the ≥50 age group than in the 18-49 year-old age group (χ 2 =5.85, p=0.0156).
We next hypothesised that childhood-onset SLE is associated with higher genetic risk for the disease, which might explain a more severe disease than with adult-onset disease. We calculated the total number of SLE-risk alleles by genotyping 19 SNPs that represent 19 independent previously confi rmed genetic susceptibility loci for SLE. PCA was used to identify outliers and then lupus genetic risk analysis was performed in each race separately. We found a signifi cant difference in the number of carried SLE risk alleles between childhood-onset and adult-onset disease in Gullah and African-American lupus patients with odds ratios (95% CI) of 1.48 (1.07 to 2.04) and 1.25 (1.02 to 1.54), and p values of 0.018 and 0.032, respectively. These data indicate that for each additional risk allele carried, the odds of developing SLE during childhood (<18 years) increases by an average of 48% per risk allele in Gullah patients with SLE, and 25% in African-American patients. There was no association between the number of lupus risk alleles and age of disease onset in Hispanic patients, although a similar trend was observed (OR=1.21 (0.98 to 1.50), p=0.075). There was no association between the number of SLE risk alleles and age of disease onset in European-American lupus patients ( fi gure 1 , online supplementary table 1 ). These fi ndings were RESULTS Malar rash, arthritis, proteinuria, cellular casts, haemolytic anaemia and anti-dsDNA and anti-nRNP antibodies were all independently associated with the age of disease onset when comparing childhood-onset with adult-onset SLE ( table 3 ) . Photosensensitivity, oral ulcers, pericarditis, proteinuria, cellular casts, seizures, thrombocytopenia and anti-dsDNA, anti-Sm, and anti-nRNP antibodies were all independently associated with the age of disease onset when comparing early and lateadult onset SLE ( table 3 ) .
After adjusting for gender, race and disease duration, the odds of having proteinuria, malar rash, anti-dsDNA antibodies, haemolytic anaemia, arthritis and leucopenia were all higher in childhood-onset than in adult-onset SLE ( table 4 ). The differences in the frequency of proteinuria, malar rash, antidsDNA antibodies and haemolytic anaemia survive a stringent Bonferroni corrected p value of <0.004. There was an interaction between the age of onset and gender when modelling for cellular casts. In male subjects, although not signifi cant, the odds of having cellular casts were higher in adult-onset than in childhood-onset SLE. In female subjects, the odds of having cellular casts were higher in childhood-onset than in adult-onset SLE (p=0.0027).
The odds of having proteinuria, cellular casts, anti-nRNP antibody, anti-Sm antibody, anti-dsDNA antibody and seizures were higher in early adult-onset than in late adult-onset disease after adjusting for gender, race and disease duration, while late adult-onset patients with SLE had higher odds of developing photosensitivity than patients with early adultonset disease ( table 4 ). The difference in the frequency of renal involvement in early adult-onset compared with late adult-onset disease, as indicated by the presence of proteinuria and cellular casts, survive a Bonferroni corrected p value of <0.004 ( table 4 ). antibodies all being more prevalent in childhood-onset SLE than in adult-onset disease. Their study failed to detect differences in the prevalence of malar rash, arthritis or leucopenia, probably owing to the much smaller sample size (56 childhood-onset and 194 adult-onset patients with SLE), and inability to control for other known confounders such as gender, race and disease duration. Our study fails to extend the association they found with anti-ribosomal P autoantibodies in childhood-onset disease.
Kidney involvement and damage has repeatedly been reported to have a higher prevalence in patients with SLE with disease onset during childhood. 8 16 17 These reports are consistent with our fi ndings. Our work further characterises kidney involvement and reports the effects of the age at onset after accounting for confounding gender, race and disease duration. In adultfurther confi rmed using linear regression and modelling each race individually to test if the age at disease onset predicts the number of risk alleles present in female patients with SLE ( fi gure 2 , online supplementary table 2 ).
DISCUSSION
We report the effect of age at disease onset on the various SLE manifestations in a large cohort of racially divergent patients with SLE. Childhood-onset SLE is associated with a more severe disease with higher odds of proteinuria, malar rash, anti-dsDNA antibody, haemolytic anaemia, arthritis and leucopenia than adult-onset disease.
A recent study by Hoffman et al 15 in 2009 had similar fi ndings for proteinuria, cellular casts, haemolytic anaemia and dsDNA Figure 1 Estimated probability of childhood-onset systemic lupus erythematosus (SLE) predicted by the number of risk alleles present. Logistic regression modelling depicting the probability of developing childhood-onset SLE based on the number of SLE susceptibility alleles carried in patients who are European-American (green), African-American (red), Hispanic (purple), and Gullah (blue). The number of SLE risk alleles is associated with the development of childhood-onset disease in Gullah and African-American, but not in Hispanic and European-American patients with SLE. group.bmj.com on November 15, 2012 -Published by ard.bmj.com Downloaded from the late adult-onset group than in early adult-onset SLE in this population.
We report a higher genetic risk in childhood-onset disease than in adult-onset disease in Gullah and African-American patients with SLE. Our fi ndings suggest that genetic risk has a role in determining age of disease onset in patients with SLE of African descent, which is an important predictor of disease severity. However, it should be noted that the absolute difference in the number of risk alleles between childhood-onset and adult-onset disease is rather small, refl ecting the fact that the confi rmed SLE genetic susceptibility loci known to date, and which were largely discovered by genotyping common genetic variants, explain only a small fraction of the genetic risk for SLE. We suspect that different susceptibility genes for SLE contribute variable proportions towards the overall genetic risk for the disease in different races. This might explain why we did not see an association between the age of disease onset and genetic risk in patients of European descent. It is also plausible that the correlation between increased genetic risk and earlier onset of the disease in Gullah and African-American patients refl ects a typically more severe disease in this group.
Although most of the known SLE genetic susceptibility loci were discovered in European-derived patients, more studies to investigate the genetic basis of SLE in minority populations, including African-Americans are underway. We believe that the initial discovery of genetic effects requires less rigorous genotyping in European-derived populations, owing to relatively larger haplotype blocks. More dense genotyping in African-derived populations is more likely to help localise these genetic effects to smaller regions in the genome, owing to relatively smaller haplotype blocks in African populations. Increased severity of SLE in African-Americans compared with European-Americans is well recognised. This suggests that differences in genetic susceptibility might account for differences onset SLE, patients with a disease onset at <50 years of age are about three to four times more likely to have renal involvement than patients with a disease onset ≥50 years of age. Our data are consistent with previous reports that fi nd renal involvement less common in SLE onset after age 50. 18 -21 Patients in our study population with SLE onset ≥50 years were 1.59 times as likely to develop photosensitivity, compared with SLE onset 18-49 years. This fi nding opposes that of Wang et al 22 in a study of 695 Chinese patients with SLE where they observed photosensitivity in 16.3% of late-onset and 29.3% of early-onset SLE cases. These differences are probably due to race, as our population has <2% Asian composition.
In 2006, Bertoli et al 19 reported that patients with SLE with late disease onset (≥50 years) were 2.82 times as likely to have neurological involvement after adjusting for gender. We reached different conclusions and found that patients with early adultonset disease were nearly three times as likely to have a history of seizures. We were unable to fi nd any association with psychosis. These differences might be due to their inclusion of headaches and neurocognitive impairment as neurological involvement. Our data do, however, agree with their fi ndings that the odds of having anti-Sm antibodies are much higher in patients with SLE onset before age 50. 19 One fi nding that is particularly interesting is that the odds of having anti-nRNP antibodies are higher in adult-onset than in childhood-onset SLE. Also, in adult-onset SLE, the odds of having anti-nRNP antibodies are 1.82 times higher in early adult than in late adult-onset disease. These data suggest that female sex hormones may have a role in the production of these autoantibodies. Indeed, Furukawa et al 23 demonstrated the enhanced binding of keratinocytes to anti-nRNP upon stimulation with β-oestradiol. We also observe a shift in the SLE sex bias of our population. The proportion of female subjects is 10% lower in the childhood-onset group, and 5.7% lower in Figure 2 Estimated number of systemic lupus erythematosus (SLE) risk alleles present as predicted by the age of disease onset. Linear regression analysis showing signifi cant reduction in the number of risk alleles needed to develop SLE with increase age at disease onset in Gullah (blue) and African-American (red) patients with SLE (p=0.0044 and 0.011, respectively), but not Hispanic (purple) or European-American (green) patients (p=0.059 and 0.29, respectively).
group.bmj.com on November 15, 2012 -Published by ard.bmj.com Downloaded from in the clinical phenotype of the disease, in addition to the difference in disease prevalence, which is more common in AfricanAmericans than in European-Americans. Our data suggest that increased genetic susceptibility predicts an earlier disease onset in African-derived but not European-derived patients. This is consistent with a more severe disease in African-derived patients and in childhood-onset disease. Of interest, it appears that the association between increased genetic risk and childhood-onset disease is proportional to the African component of the population studied, being highest in Gullah patients compared with African-American patients who have more European admixture. This effect then disappears in the European-American patients who have no or minimal African admixture.
We suggest a model that predicts the onset of SLE as a factor of both SLE susceptibility genetic background and environmental factors. We propose that the presence of higher genetic susceptibility for the disease lowers the threshold to develop SLE, allowing for earlier disease onset in the presence of necessary environmental triggers. To our knowledge, our data represent the fi rst quantitative evidence in any complex autoimmune disease to indicate that increased genetic susceptibility is associated with an early disease onset. These data were confi rmed in two independent cohorts of Gullah and African-American patients with SLE.
